Introduction
Detecting small earthquakes is important for a number of reasons including delineating tectonic structures and understanding the physics of how earthquake evolve into large events. Here we report on detecting and locating seismic events using a dense exploration network that is deployed in Long Beach, CA. The network consists of over 5200 sensors in a 7x10 km area that recorded continuously for 6 months. It was deployed for the purpose of better delineating the oil reservoirs in the area, but we have used the data here to examine the micro-seismicity. The region is also part of the earthquakemonitoring area covered by the Southern California Seismic Network (SCSN) which has historic catalog completion level of Mb>=2.0 for the Long Beach area. The events we report here are generally less than this threshold. The region is traversed by several faults, including theEarthquake in 1933. There are also several sources of anthropological noise such a two major freeways, producing oilfields, a major rail corridor, a port facility and a commercial airport. The seismic noise level is quite high, and the challenge that we present in this challenge that we present in this paper to try to separate true earthquakes from man-made events
Picking and Locating Events
A standard short-term over long-term (STA/LTA) event detector (Nippress and Reitbrock, 2010) generated over 20 million picks when it was applied to all channels over the 6-month deployment.
When these are then associated, it results in over 20,000 detected events, with approximately 10% of the picks being associated with events. Of these events a few locations were found to have many repeating events (several hundred), and we assumed that these events are artificial and removed them from the catalog, This resulted in a catalog with 4500 possible earthquakes. In Figure 1 we show these events, along with the earthquake catalog produced by the SCSN. The daily rate of events changes considerably during the 6-month time span. In Figure 2 we show events for three difference days where the number of events differs by almost an order of magnitude. There is no physical mechanism that we are aware of to cause this change in rate of seismicity. The patterns as a function of hour of day and day of the week, there is clearly an effect that is man-made. It was initially assumed that the hour of day and day of week patterns were caused by rush-hour traffic with the physical connection being that the noise due to the traffic density reduces the sensitivity of the network. However, upon further examination of the individual hours of the whole week such as in Figure 4 , shows that the majority of events occur on Sunday night. 
Discriminating Real Earthquakes
In an effort to further separate true earthquakes from man-made events we consider a different approach that takes into account of the characteristic spectral decay as the inverse square of frequency. To do this we examine the data in wavelet transform space. Unlike the short-windowed Fourier transform, the wavelet transform is localized both in the time and in the frequency domains, and hence detects time variations in frequency content without loss of resolution (e.g. Lou and Rial 1995, Kumar et al. 1997). In order to increase the signal-to-noise ratio we first stack traces of sub-arrays consisting of 10-15 sensors spaced by up to 300 meters. We than use a continuous wavelet transform (the Morlet wavelet) to obtain scaleograms for each sub-array stack. We combine both time and scale data to discriminate seismic events within each scaleogram. We first run the STA/LTA detector in a particular scale (frequency band) where it appears that earthquakes are likely to have their strongest energy. Once a detection is found, we compute the signal's spectra by following the wavelet modulus maximum. In this way we are able to at least provide some discrimination between earthquakes and other events. In Figure 4 we show and example of a detected event, and its expected spectrum. In Figure 5 , we show the detector applied to some events the produced a detection with the standard STA/LTA detector, and it shows a number of the detections that are discounted by this method.
Figure 5. Example of earthquake identification.
The events denoted by 'E' were identified to be earthquakes. The events denoted with 'A' were determined to be artificial events associated with the airport.
Back-projection to detect micro-motions
An important goal of this work is to examine the micro-slip that might be occurring on faults to contribute to the study of earthquake initiation. In other words, we seek to determine the style of location of micro-slip activity when the fault is not producing felt ground motion. To this end we construct a continuous image of the activity by back-projecting the seismic data recorded on the surface to the plane of the fault. This technique has been used by several authors for large earthquakes (Ishii et al. 2005; Meng et al., 2011) . The results for the NIFZ are shown in Figure 6 . There is a substantial amount of focused activity in the vicinity of a small earthquake (not felt) and that its location shift around during the 600 seconds of the reconstruction. 
Conclusions and Future Work
A dense urban array produces many times more events than a region array. A high percentage of these are likely man-made events that can be detected by repeated locations. Using detections based on spectral characteristics in wavelet space shows promise. The back-projection of energy on to fault planes may also prove useful in understanding the micro-slip activity of faults.
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